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A B S T R A C T
The prevention of lead exposure continues to constitute a major public health challenge in developed
countries. In well-resourced countries major lead exposure reduction interventions have resulted in
signiﬁcant improvements in childhood blood lead distributions. In developing countries on the other
hand, while lead exposure and poisoning remain serious public health concerns, a range of prevailing
factors and circumstances, such as poverty, a large informal sector, competing public health challenges,
low levels of awareness of lead hazards and weak capacity to enforce legislation, contribute to an
increase in the scale and intensity of the challenge, and limit the prospects of comparable success in the
foreseeable future.
This paper collates available information to illustrate that despite some progress, a wide range of
sources of lead exist in South Africa, and that certain settings and groups continue to be at high risk of
lead exposure. Lead exposure in relation to paint, mining, lead melting in subsistence ﬁshing
communities, the consumption of Ayurvedic medicines and food production is described, and discussed
with regard to the key factors hindering efforts to prevent lead poisoning and exposure in South Africa
and many other developing countries.
 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/3.0/).
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NeuroToxicology1. Introduction
The role of lead as a neurological toxin is well established.
Lead exposure has been associated with reductions in intelli-
gence scores, hearing loss, hyperactivity, shortened concentra-
tion spans and poor school performance in children, as well as
lowered lifetime earnings (Tong et al., 2000). In recent years a
growing number of studies have also pointed to links between
lead exposure and aggression or violent behaviour (Needleman
et al., 2002, 1996; Nevin, 2007; Wright et al., 2008). In the light of
growing evidence of the lack of a threshold of safety for lead in
blood, there have been calls for a lowering of the blood lead
‘‘action’’ level (Gilbert and Weiss, 2006; Tong et al., 2000), and in
2012 the Centers for Disease Control in the United States of
America lowered their blood lead reference level for children
from 10 mg/dl to a reference range set at the 97.5th percentile of* Correspondence to: PO Box 87373, Houghton, 2041, South Africa.
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0161-813X/ 2014 The Authors. Published by Elsevier Inc. This is an open access artictheir blood lead distribution, which is currently equal to 5 mg/dl
(Betts, 2012).
African children have been identiﬁed as a group at particular
risk of exposure, often simultaneously, to multiple sources of
environmental lead (Nriagu et al., 1996). Two recent incidents of
large scale lead poisoning in Zamfara, Nigeria from informal gold
mining (Lo et al., 2012) and Dakar, Senegal from the dismantling of
batteries (Haeﬂiger et al., 2009) have highlighted the vulnerability
of African children in this regard. Notwithstanding the available
evidence of serious lead exposure in African settings, few, if any,
African countries have comprehensive lead poisoning prevention,
or even national blood lead surveillance, programmes in place
(Tong et al., 2000). Instead, what is known about the sources and
pathways of lead exposure, as well as blood lead distributions in
African children, is derived mainly from ad hoc and often relatively
small scale, localised environmental and epidemiological studies.
For example, papers published on lead exposure from gasoline,
paint (Gottesfeld et al., 2013; Mathee et al., 2007; Montgomery and
Mathee, 2005), landﬁll sites (Graber et al., 2010), lead mining in the
informal (Dooyema et al., 2012) and formal (von Schirnding et al.,
2003) sectors, and the dismantling of batteries (Haeﬂiger et al.,le under the CC BY license (http://creativecommons.org/licenses/by/3.0/).
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poisoning in African children.
Epidemiological studies undertaken in South Africa provide
clear evidence that while blood lead distributions in South
African children have started to decline following the introduc-
tion of unleaded petrol (Mathee et al., 2006b), certain groups
continue to be exposed to environmental lead (Mathee et al.,
2007) from multiple sources. Lead is widely used in both the
formal and informal sectors (including cottage industries) in
South Africa, as well as in some traditional practices. This paper
aims to collate the ﬁndings of some of the key South African
studies in order to paint a picture of the range of sources and the
settings or groups at risk of exposure to lead, and the complexity
of addressing the challenge of lead exposure in a context of
poverty.
2. Methodology
The paper is based on a review of the literature on lead exposure
in South Africa, and also draws on media articles, and unpublished
reports and data from the Environment and Health Research Unit
of the South African Medical Research Council.
3. Key sources of lead
3.1. Lead in petrol
Leaded petrol was phased out in South Africa in January 2006.
Until 1984, at 0.84 g/L, South Africa had amongst the highest
levels of lead in petrol that had ever been used anywhere in the
world (Thomas et al., 1999). Lead levels in soil alongside busy
roads were shown to be signiﬁcantly elevated relative to that
alongside less heavily trafﬁcked roads (von Schirnding and
Fuggle, 1996). At the time, more than 90% of children living in
urban areas had blood lead levels above 10 mg/dl (von Schirnding
et al., 1991b). Over time, as the maximum permissible lead level
in petrol was incrementally lowered, children’s blood lead levels
slowly started to decline (Mathee et al., 2006b; von Schirnding
et al., 2001). The most recent studies however, show that
elevated blood lead distributions in urban areas in South Africa
continue to constitute an important public health problem
(Naicker et al., 2013).
3.2. Lead in paint
In 2002, during a survey of the blood lead levels of ﬁrst grade
school children in Johannesburg, a 7 year old girl was found to have
a blood lead level of 44 mg/dl. A few weeks later a repeat test
conﬁrmed the high blood lead, with a reading of 52 mg/dl (Mathee
et al., 2003). Interviews with the girl’s parents revealed a strong
pica habit: she regularly ingested paint in particular. The walls of
her home showed large areas from which paint had been removed
and ingested (Mathee et al., 2003). Subsequent environmental
sampling and analysis pointed to high lead levels in the paint on
the walls of her home, as well as her school.
A range of investigations of the lead content of paint in South
Africa followed, revealing widespread use of lead in paint, and the
absence of suitable legislative controls. For example a survey of
the lead content of residential paint collected from 239 homes in
sixty randomly selected suburbs across the City of Johannesburg
showed the presence of lead based paint (deﬁned as paint that
contained lead levels equal to or greater than 0.5% by weight) on
both interior and exterior surfaces, and in old as well as recently
promulgated suburbs. The percentage of lead by weight in the
samples ranged from 0.01% to 29.00%, and lead paint was found in
one-ﬁfth of homes studied (Montgomery and Mathee, 2005).A survey of children’s playground equipment in 49 public
parks in and around Johannesburg also demonstrated wide-
spread use of lead paint. Lead based paint was found in 96% of the
parks studied, and in 83% of the parks there was clear evidence of
paint chipping from playground equipment (Mathee et al., 2009).
Lead paint was also shown to be widely applied to children’s toys
(Mathee et al., 2007): lead concentrations up to 145,000 mg/g
were found in paint removed from popular children’s toys, such
as building blocks, purchased from major toy retailers and
supermarket chains. Evidence of the widespread use of lead in
paint in South Africa, especially the presence of lead in painted
toys, prompted the South African Department of Health to
promulgate legislation declaring paint with a lead content of
600 ppm or higher as a hazardous substance. The regulations
were promulgated in 2009, with the paint industry given a year
to reach compliance. It is uncertain however as to the current
level of compliance with the new regulations amongst paint
manufacturers.
3.3. Melting of lead to make sinkers in subsistence ﬁshing
communities
Prompted by anecdotal reports of lead melting to craft ﬁshing
sinkers, cross-sectional surveys of the blood lead levels of young
school children were undertaken in two remote coastal South
African ﬁshing villages in 2012. The results showed that blood
lead levels ranged from 2.2 to 22.4 mg/dl, with the mean blood
lead level equalling 7.4 mg/dl. Around 74% of the children had
blood lead levels 5 mg/dl (the current CDC reference level
(Betts, 2012) and 16% had blood lead levels 10 mg/dl (Mathee
et al., 2013). The study showed that local ﬁsher folk were
collecting waste lead (for example from wheel balancing
and alignment centres) and lost ﬁshing sinkers, which were
melted down (usually in the home environment) to craft new
sinkers.
3.4. Pica in pregnancy
Studies have shown a high prevalence of geophagia (the
intentional ingestion of soil, clay or stones) during pregnancy in
many African communities, including South Africa (George and
Ndip, 2011; Woywodt and Kiss, 2000). In rural areas geophagic
soils are obtained from a variety of sources, such as residential
gardens, or favoured hilltops and streams, while in urban areas in
South Africa geophagic soil is usually obtained from street-side
vendors. A recent study at an ante-natal clinic in Johannesburg
showed that one ﬁfth of the sample were geophagic (Mathee et al.,
2014). Studies in New York have shown elevated lead exposure in
pregnant women with geophagia (Thihalolipavan et al., 2012), and
further investigation is needed in this regard among South African
women.
3.5. Ayurvedic medicines
In September 2012, the media reported that around eight young
people were being treated for lead poisoning in Durban. All those
affected had ingested an Ayurvedic treatment for acne, which was
conﬁrmed by laboratory analyses to have a very high lead content
(http://www.iol.co.za/news/south-africa/kwazulu-natal/hunt-for-
toxic-acne-treatment-1.1377343, accessed 17.07.14). The product
had been imported into South Africa from India and sold to the
general public from health shops as well as through a direct sales
network. The case raises serious concerns about public health risks
from contaminated ‘‘traditional’’ or ‘‘natural’’ medicines, and the
limitations of public health protection mechanisms in place in
South Africa in this regard.
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Preliminary results from a study currently underway at several
shooting rangers and archery centres in Johannesburg is pointing
to elevated lead exposure in those using lead ammunition.
Amongst users of guns, blood lead levels were more than three
times higher than amongst those who only practiced archery. The
highest blood lead levels however, were found in staff at the indoor
shooting ranges studied (de Jager et al., 2014, unpublished data).
3.7. Lead mining
The town of Aggeneys, located in the far northwestern part of
South Africa, near the border with Namibia, was developed to
support the operation of a lead mine. A survey of the blood lead
levels of school children with a mean age of 8 years (ages ranged
from 6 to 10 years) in Aggeneys, and in the comparison non-mining
town of Pella, around 40 km away, showed that despite a higher
socio-economic status (usually a protective factor), blood lead
levels in Aggeneys children were signiﬁcantly elevated relative to
their Pella counterparts. The mean blood lead level in Aggeneys
was 16 mg/dl (n = 86; range = 9.0–27.5 mg/dl and SD = 3.68 mg/dl),
compared to 13 mg/dl in Pella (n = 68; range = 6.0–22.0 mg/dl;
SD = 3.52 mg/dl). In Aggeneys and Pella respectively, 98% and 85%
of children had blood lead levels 10 mg/dl. Elevated blood lead
levels were associated with having a father who worked in the
mine (von Schirnding et al., 2003).
4. Discussion
The phase-out of leaded petrol in South Africa in 2006, and the
promulgation in 2010 of legislation to control the use of lead in paint
constitute two major steps in the prevention of lead exposure in
South Africa. Epidemiological studies have demonstrated the public
health beneﬁts of these actions, in terms of lowered blood lead
distributions in South African school children (Mathee et al., 2006b),
and the associated neurodevelopmental gains. In respect of paint,
further work remains to be done to ensure compliance amongst
manufacturers and retailers with recently promulgated legislation
to control the lead content. There is also little clarity over how the
enormous and costly challenge of removing toxic lead-based paint
from, and soil remediation in, homes, schools, playgrounds and
other settings is to be met, especially in the light of constrained
resources and wide-ranging public health concerns in the country.
Notwithstanding the progress made in removing lead from
petrol and paint in South Africa, as this paper has shown, numerous
sources of lead continue to exist in the country. Lead exposure and
toxicity has been demonstrated in occupational settings such as
battery plant workers (Ehrlich et al., 1998), and para-occupational
exposure has been shown in the children of lead mine workers
(von Schirnding et al., 2003). Many other worker groups, such as
those in the paint and construction industries, as well as
employees in riﬂe ranges, are yet to be investigated for lead
exposure.
There is a particular dearth of information available in respect
of lead exposure in the growing informal occupational sector in
South Africa, for example small-scale motor vehicle repair and
spray-painting businesses. Research is especially needed in
‘‘cottages industries’’ in which lead is used in residential settings
where all household members may be exposed to elevated levels of
environmental lead on a daily basis. For example, the study of lead
melting in subsistence ﬁshing communities shows how children
are exposed to lead in their home settings because of lead melting
to make ﬁshing sinkers (Mathee et al., 2013).
The risk of maternal and foetal lead exposure in geophagic
women has been demonstrated (Thihalolipavan et al., 2012), andrequires further investigation in South Africa and other African
countries where the practice is widespread, especially in the light
of the risk of foetal neurotoxicity. The lead poisoning outbreak in
Durban in 2012 associated with the consumption of Indian
Ayurvedic medicines has raised concerns over the public health
risks of certain traditional medicines. In this regard, there is a need
for investigation and assessment of possible risks to public health
from the widespread use of African traditional medicines in South
Africa. In 2013 regulations were promulgated to bring comple-
mentary medicines under the umbrella of oversight mechanisms
for all medicines in the country. However, there are questions over
capacity to implement the legislation, and there is also strong
resistance from the complementary medicines industry to the new
legislation. The preparation of low cost alcoholic beverages (often
referred to in South Africa as ‘‘concoctions’’) using the contents of
lead batteries has also been reported, and similarly requires further
investigation.
A particularly daunting challenge in South Africa, and in many
other African or developing countries, is the prevention of lead
exposure in the informal sector, in cottage industries and from
traditional practices. A key concern in this regard is the limited
capacity and resources available to enforce existing occupational
health and safety legislation. Informal sector businesses, and
cottage industries, are often unregistered and unregulated, and
concealed in backyards and residential settings. Given the setting,
lead use in cottage industries translates to lead exposure to the
broader community, including young children and pregnant
women. The upshot of low levels of awareness of lead hazards
(Mathee et al., 2006a) in cottage industries and the informal sector
is a cavalier approach to the use, handling and disposal of lead.
Notwithstanding the challenges, the need to act in respect of the
informal sector and cottage industries is particularly pressing,
given the marginalisation and impoverishment in the affected
communities, predisposing them to simultaneous exposure to
multiple sources of lead (Tong et al., 2000).
To effectively address the issue, lead exposure in the informal
sector in South Africa needs to be placed much higher on the public
health and political agendas than is the case at present. Currently
there is limited information on the extent of this important public
health problem, and consequently a comprehensive national lead
poisoning prevention strategy is lacking, as are effective surveil-
lance and screening programmes and research to identify high-risk
groups and settings. While currently competing health and
developmental challenges in South Africa may render costly lead
abatement programmes such as lead paint removal from homes
and public buildings, and soil remediation, unlikely, lead hazard
awareness ought to be a much higher priority in the country. A
particular concern is the limited appropriate information for, and
low levels of awareness of lead hazards amongst high risk groups
(such as those practising geophagia, ingesting Ayurvedic medi-
cines, melting lead to craft ﬁshing sinkers or using ammunition),
those caring for children (Mathee et al., 2006a), and in key sectors
such as health and education. To date public awareness campaigns
have been isolated and piecemeal, and have lacked the holistic and
integrated approach needed to make an effective impact, which is
regrettable given the absence of costlier lead abatement pro-
grammes.
Lead exposure has serious health, social and economic
consequences, including compromised educational attainment
(Ernhart, 2006; Lanphear et al., 2005) and aggressive or violent
behaviour (Needleman et al., 2002; Nevin, 2007). For example,
studies in the USA indicate that childhood lead exposure reduction
in the 1990s contributed to a subsequent reduction in violent
crime of around 56% (Reyes, 2007). It has also been estimated that
ongoing lead exposure in the USA is costing their economy billions
of dollars on an annual basis, and that the beneﬁts of acting to
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programmes such as immunizations (Gould, 2009). In this light,
strong action on lead exposure prevention in South Africa, a
country beset by major socio-political concerns such as poor school
performance and high levels of crime and violence, would seem
particularly prudent and cost-effective. Exposure to lead has also
been shown to exacerbate the detrimental impact of social
stressors such as poverty and violence, and the socio-economic
cost of inaction is high (Gould, 2009). Furthermore, as a
consequence of the former apartheid system of government in
South Africa, which contrived the population’s socio-economic
well-being and environmental health status according to skin
colour, levels of poverty and inequality (South Africa is amongst
the most unequal societies in the world) continue to a large extent
to be similarly deﬁned, despite two decades of democratic
government and progress. Blood lead levels also continue to be
highest in Black children (Mathee et al., 2006b; von Schirnding
et al., 1991a). Action on lead exposure prevention in South Africa
therefore, in addition to the socio-economic imperatives, may
constitute an act of socio-environmental justice, necessary to allow
all to reach their full potential, and to decrease the inequality gap in
the country.
5. Conclusions
While the issue of leaded petrol has been addressed, and some
steps have been taken to reducing exposure to lead-based paint,
many sources of exposure to lead continue to exist in South Africa,
in both the formal sector, as well as in the growing informal
occupational sector. Large numbers of people are therefore at risk
of lead exposure and the concomitant health, neuro-developmen-
tal and social effects. There is particular concern about cottage
industries in which lead is used, and where entire families or
households may be exposed to lead on a continuous basis. Lead
exposure prevention needs to be placed much higher on the
political agenda in South Africa to address the associated health,
educational attainment, violence and other social concerns.
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